A study was conducted to determine whether silage can be used as an ingredient in the finishing rations of Merino lambs. One of the concerns regarding the use of silage as the main ingredient of a sheep feed is its high moisture and neutral detergent fibre (NDF) content and relatively poor protein value. Forty lambs, in a four-way completely randomized block design, were used in a 60-day finishing study. The diets consisted of a control with no silage and three diets containing, on a dry matter (DM) basis 20%, 50% or 70% maize silage. With the exception of fibre (NDF and acid detergent fibre), all diets were formulated on an iso-nutrient level. Dry matter intake (DMI) decreased as the silage inclusion increased. This resulted in significant differences between the cumulative intake of the low and the high silage diets. The 20% and 50% silage diets resulted in higher dressing percentage than the control and 70% silage diet. It was concluded that silage can be successfully incorporated into sheep diets and that optimal inclusion levels need to be quantified within high specification feedlot diets.
Introduction
Forage conservation plays an important role in animal production systems in South Africa. Large parts of the country have a low and variable rainfall with periodic droughts being the norm (Rouault, 2004) . Furthermore, it is believed that livestock production, in developing countries, will have to double by 2020 to meet the ever-growing human population (Reddy et al., 2003) . It is, therefore, of great importance for farmers to produce enough forage during the rainy season, not only to maximise production, but also to have enough in reserve in case of a drought.
There are two basic ways of forage conservation; hay making or the production of silage (McDonald et al., 2002) . Silage production is favoured in some instances due to the fact that it is less weather dependent, less field and transportation losses occur and it is more palatable due to the cutting thereof at a younger growth stage, which means it contains less structural carbohydrates (Blaser, 1964) . Silage is widely used as cost effective source of roughage in dairy cattle nutrition in South Africa. It is, however, not that commonly used in sheep production systems. European countries and Australia, on the other hand, make use of silage in their sheep enterprises to improve pasture utilisation, increase stocking rate, as a drought feed and also for the finishing of lambs in a feedlot (Stanley, 2003; Marley et al., 2007) . The same principles can be applied to South Africa, not only to optimise pasture utilisation, but also to optimise sheep production to meet the evergrowing demand for animal protein. Sheep production systems in South Africa are traditionally extensive and sheep are more sensitive to silage quality than cattle, giving the impression that silage is not a practical or effective roughage source for sheep (Baumont et al., 2000) . However, due to increasing feed prices and practices like conservation farming, farmers have to find ways to optimise their production systems. Using silage is proposed as one such option. Very little information is available in South Africa on the use of silage, optimized for certain nutrients, in sheep nutrition. The aim of this study was therefore to determine the optimum ratio of silage: concentrate in finishing diets for lambs in a feedlot. This study will lay the groundwork for future research.
Materials and Methods
Procedures used in this study were all approved by the Research ethics committee on animal care and use, Stellenbosch University (Ref: 11LV_VAN01).
Four dietary treatments, termed Control, 20% silage, 50% silage and 70% silage were prepared as follows: The dietary treatments were formulated to contain on a dry matter (DM) basis 0%, 20%, 50% or 70% silage in an effort to determine the effect that the silage has on lamb production under intensive feeding conditions. All the diets were formulated on an iso-nutrient basis, with the exception of neutral detergent fibre (NDF) which varied with silage inclusion levels. The physical and chemical composition of the treatments is presented in Table 1 . Whole crop maize was harvested at a DM content of 27% with a commercial silage harvester on Faircape, farm, Durbanville (Western Cape, South Africa). The untreated crop was compacted into 220 litre plastic drums and sealed in less than six hours. Drums were transported to Welgevallen Experimental Farm in Stellenbosch where it was further sealed with sand bags. It was left to ferment for 60 days before removing representative samples, using a silage drill, for proximate analysis. Raw materials for concentrate were mixed and pelleted at Mariendal Experimental Farm, Stellenbosch, South Africa. The control feed was prepared by Tanqua feeds, Riversonderend (Western Cape, South Africa), to supply nutrients at the same level as the experimental diets, except for fibre (NDF). Forty Merino lambs (wethers) of similar weight (26.6 ± 1.08 kg) and at approximately 120 d of age were used in a 60-day finishing study. The lambs were fed indoors in a ventilated shed with slatted floor, with each animal housed separately in a 1.8 m x 1.2 m pen. On arrival they were tagged, dosed with Levicon (3 mL/10 kg live weight) for internal parasites and vaccinated with Multivax P (1 mL) for pulpy kidney. Lambs also received a dose of Lacticon-S (35 mL) to help them adapt to the experimental diets. After the appropriate management practices were completed, the 40 animals were randomly divided into four groups of equal initial weights as a complete randomized design. Each group of lambs was assigned to one of the four dietary treatments and adapted over a seven day period. Individual intakes were determined during the adaptation period. Feeding troughs were cleaned every morning to maximise intake and prevent moulds and yeast forming on the silage. During the feeding period, feed was prepared fresh daily and given at 07:00 and 16:00. Water was supplied ad libitum. All refusals were bagged and weighed back once a week. Lambs were weighed once a week, before being fed, to determine average daily gain (ADG) and feed conversion ratio (FCR). Their individual body condition scores were also taken weekly.
All feed samples were analysed according to the AOAC standard methods for proximate composition. Additionally, samples for the silage specific analysis for pH, starch and ammonia-N were sent to the University of Pretoria for analysis.
Data were analysed under the guidance of the Centre for statistical analysis, Stellenbosch University using Statistica 8.1 (2008).
Results and Discussion
One of the main concerns of using silage as an ingredient for the production of mutton is its high moisture content that can physically restrict the DM intake. Lambs fed the 70% silage diet had to constantly increase their intake, whereas lambs on the diets that had lower silage inclusion, did not have to adapt their intake as drastically to meet the nutrient demand (Figure 1) . The lambs on the 50% and 70% silage diet had a physical restriction due to the low DM content and the high NDF intake and were not able to reach the same DM intakes over the 60 day study period as the lambs on the control and 20% silage diets. These animals constantly increased their intake as they grew physically bigger, but still was not able to reach the same intake as the sheep on the control or 20% diets as indicated by the lower cumulative DMI (Table 2) .
Furthermore, the silage treatment groups were observed to consume their feed at a higher initial rate than the control group, indicating that silage inclusion had a positive effect on the palatability of the diet. This, however, should be quantified. From Figure 1 , it can be seen that the weekly feed intake of the 20% silage treatment group was the highest (P <0.05). With higher than 20% silage inclusion levels though, physical restriction started to limit DMI. Feed conversion ratios (FCR, kg feed to attain 1kg weight gain) differed significantly between the groups. The 50% and 70% silage diets had the best FCR and differed significantly from the control and the 20% silage diet. The 20% silage diet had the highest (7.91 ± 0.401) Figure 1 Weekly dry matter intake (DMI) of sheep fed four experimental diets containing 0%, 20%, 50% and 70% silage a DM basis. Error bars represent the SEM. FCR which is not optimal for the production of sheep in a feedlot. Future research is warranted to optimize these diets to specification levels for rapidly growing lambs, with special focus on undegradable protein (UDP) and carbohydrate sources.
Diets succeeded in supplying similar levels of energy and protein to the treatment animals as were confirmed by the growth performance results (Table 2 ). There were no differences between the groups for average daily gains and these growth rates, however low, were in agreement with results from Stanley (2003) . Work done by Stanley (2003) showed that good quality, highly digestible legume silage can be used for the finishing of lambs. Live weight gains of 150 g/d were observed when only legume silage was used and up to 300 g/d gains were observed when replaced with 70% grain.
The dressing percentages were different. The groups fed the 20% and 50% silage diets had higher dressing percentages than the control group which is likely related to the feed ingredients of the diets as well as the dissimilar daily nutrient intake levels. The higher inclusion of cotton oilcake could have resulted in more lean growth. 
Conclusion
It is evident from the data obtained that the DM intake of Merino lambs will decrease as the inclusion level of maize silage increases. This is mainly due to the high moisture and NDF content of the silage which physically restricts DMI. The results showed that silage can be used in diets up to inclusion levels of 50% as an ingredient for the finishing of Merino lambs without negatively affecting the meat production of the animals. Silage inclusion of 20% or 50% increased the dressing percentage of the carcasses. However, ADG and FCR of sheep can be improved by formulating the diets at higher nutrient specification levels to sustain high growth rates. Further research is therefore proposed to optimise silage based diets by including increased UDP and carbohydrate rich ingredients to obtain the best possible growth rates.
